Introduction
In 1998 two key articles pointed to a major global pollination crisis and called for new research to elucidate both the factors leading to pollinator decline and the consequences of altered plant-pollinator interactions for natural ecosystems and crop productivity (Allen-Wardell et al. 1998; Kearns et al. 1998) . For this series, we asked leading researchers to identify and describe the key threats to pollination systems in Europe, Australia, the Neotropics, and the oceanic islands of the Pacific in order to identify common stressors and begin assessing the vulnerability of plant-pollinator systems around the globe. We briefly highlight the main points made in each of the articles and discuss the situation in North America.
Not surprisingly, habitat disturbance, loss, and fragmentation are cited by each author as major forces leading to the disruption of pollination systems. Yet each article elucidates a different subtlety of how habitat change influences pollination systems, and each develops different but complementary suggestions for prioritizing among conservation and restoration actions. Similarly, nonnative honeybees and other invasive species emerge as a significant force influencing native pollination systems today, for systems relying on insect and vertebrate pollinators. Again, these influences vary in subtle ways and may combine with other effects in either compensatory or combinatory fashion. Together, the papers in this collection illustrate the complex, often unintuitive, responses of pollination systems to multiple anthropogenic insults.
In Europe Corbet (this issue) focuses on the need to identify pollination "compartments" (subunits within an interaction web) and to assess the vulnerability of these different compartments in order to develop conservation priorities. Many compartments in pollination systems exhibit some functional redundancy, but some have become exceptionally vulnerable through the decline or extinction of either pollinators, their floral hosts, or both. For example, Corbet suggests that habitat disturbance and loss differentially affect the large bee-deep flower compartment in Europe. She concludes that conservation efforts should be directed toward maintaining this and other vulnerable compartments, rather than protecting particular rare species that may no longer perform key ecosystem functions.
In Australia Paton (this issue) shows how habitat loss and fragmentation affect both nectar-feeding birds and the plants they pollinate. Differential destruction of habitat types is the key factor in pollination disruption in southern Australia because the higher-quality soils that support summer-autumn bloom have been converted largely to agriculture. This seasonal shortage of nectar resources has led to declines in nectar-feeding bird populations, which are thus no longer able to adequately pollinate certain plants flowering at other times of the year. European honeybees complicate the story. In some cases they exacerbate pollination disruptions by stealing floral resources from nectar-feeding birds. In other cases honeybees compensate for the decline in pollination services provided by native birds, although they themselves may have contributed to this decline through competition. As a solution, Paton proposes restoring vegetation on lands that can support summer-and autumn-blooming plants to boost populations of nectar-feeding birds and thereby revitalize pollination systems across landscapes and seasons.
Similarly, Roubik (this issue) cites habitat loss, disturbance, and the introduction of Africanized honeybees as the overwhelming factors shaping the future of angiosperms and their associated fauna in the Neotropics. In decades of study across this region, he has found only one place that remains free of Africanized honeybees, the biologically diverse Napo region of Ecuador. He suggests that such diverse communities may be more resistant to honeybee invasion. In the short run and at local scales, honeybee invasions may cause frequent ecological replacement and species turnover, but there is little evidence that they have caused permanent local or regional extinctions of other bee species with which they compete for resources (Banaszak 1992) . Indeed, based on historical records from Incan honey gatherers, Roubik notes there has been no loss of honeyproducing bee or wasp species in this area for over 500 years.
In Pacific islands, Cox and Ehlmqvist (this issue) enumerate the many Conservation Biology Volume 14, No. 5, October 2000 ways in which invasive plant and animal species cause plant-pollinator disruptions. Island populations of plants, already vulnerable through reduced genetic diversity, small population size, isolation, and obligate dependence on a depauperate set of pollinating species, may be at a large competitive disadvantage to invading plant species, which often are able to reproduce independently of animal pollinators. In turn, invasive animal species cause pollinator disruptions by direct destruction of pollinating species or by pollinating invasive plants, thereby facilitating their spread. Hunting, habitat loss, and habitat disturbance are exacerbating the effects of invasive species, leading to a frightening picture of reciprocal plant-pollinator extinctions across entire taxonomic groups of flora and fauna on islands.
Habitat Fragmentation Effects on Pollination Systems in North America
As these authors have shown in other parts of the world, studies of habitat fragmentation in North America have demonstrated a mixture of positive and negative effects on pollinators and pollination systems. In the Sonoran desert, J. Cane and colleagues studied the effect of fragmentation on the generalist and specialist (oligolectic) guilds of bee visitors to creosote bush ( Larrea ). As hypothesized, small fragments tended to lose members of the specialist guild, but fragment size did not influence the number of generalist species (Cane et al., unpublished data) . Local extirpation of specialists might be caused by their dependence on bloom from only one or a few floral pollen hosts.
Nesting habit, however, may be as or more important than floral resources in determining pollinator response to fragmentation (Cane, unpublished data). Ground-nesting specialist species were particularly likely to disappear from small fragments or to show diminished abundance, whereas the one cavity-nesting specialist did not change in abundance with fragment size. In fact, this species actually increased in abundance in fragmented urban settings relative to intact desert shrub habitat. Growing urbanization may have resulted in increased nest resources for cavity nesters due to tree planting and wooden buildings but in diminished access for ground nesters due to, for example, soil compaction and paving.
In another unintuitive twist, small fragments of Larrea habitat actually received greater numbers of native bee visitors than large fragments, although these faunas were increasingly dominated by generalist bee species. Potentially, these small, isolated areas with abundant bloom are perceived by bees as rich patches of resources (see also Roubik, this issue). Indeed, Cane (unpublished data) notes that many bee species are in some senses "preadapted" to fragmentation because they habitually seek out patchy resources.
In Northern California, C. Kremen and colleagues are studying how fragmentation and pesticides affect the delivery of pollination services to crop plants by native bees. Stated conversely, do patches of natural habitat within agricultural landscapes increase pollination services on farms? If so, at what proximity and proportional area do these effects occur? Diversity surveys reveal a large overlap between the bee fauna present in native habitats (riparian forest, chapparal, and oak woodlands) and the 21 species of bees that visited a variety of crops on organic farms (unpublished data). Preliminary analyses suggest a weak but significant effect of the proportion of natural-area habitat surrounding farms on the visitation frequency of native bee pollinators to watermelon and that this habitat-area effect is more important than that of local plant diversity or community composition.
Although these results are intriguing, it is also interesting to note that (1) certain pollinating bee species were ubiquitous across farms, regardless of their degree of isolation from natural habitats and (2) conventional melon farms had the highest average visitation frequencies of all farms, despite their heavy use of multiple pesticides. Riparian and chapparal-oak woodland habitats may provide important sources of bloom in the spring and early summer, but irrigated farms may provide a greater abundance and diversity of floral resources (crops and weeds) in the summer and fall in Mediterranean environments, when natural habitats become dry and unproductive. Farms may thus prolong the flight season and increase the abundance of some bee species by providing key resources (Banaszak 1992 ; Corbet, this issue; Roubik, this issue). Future studies will assess which floral and nesting resources the major native pollinating bee species obtain over space and time in natural habitats and on farms. Distance effects will also be considered, and information on the resource needs of native bee pollinators will be used to develop restoration plans compatible with and favorable to agriculture. By creating hedgerows of native vegetation, for example, one might simultaneously recreate connectivity between patches of natural areas and enhance the delivery of pollination services to crops.
Restoration for Pollination in North America
Efforts to restore pollination systems are still in their infancy in North America and abroad. Nonetheless, an increasing number of organizations are beginning to promote the restoration of ecological functions such as pollination while revegetating landscapes. Last year, the Arizona-Sonora Desert Museum launched the Migratory Pollinators Project, an ambitious effort to conserve migratory pollinators across North America through a combination of research, conser-vation, and restoration ( Withgott 1999) .
The project focuses on four species-White-winged Doves ( Zenaida asiatica ), lesser long-nosed bats ( Leptonycteris sanborni ), Rufous Hummingbirds ( Selasphorus rufus ), and monarch butterflies ( Danaus plexippus )-that follow annual "nectar corridors" between Mexico and the United States, tracking the south-tonorth sequence of flowering plants each spring and the reverse each autumn. Widespread conversion of native habitats to farms and cattle ranches, associated with herbicides and invasive plant species, have reduced the availability of nectar resources along the migratory routes and caused declines in the pollinators that depend on them.
Biologists in the project, aided by volunteers from local communities, are studying the resource requirements of the pollinators along these migratory routes, including bat roostsite fidelity, preferred nectar sources, responses to vegetation change, and energy costs of migration. These data, integrated with land-management information within a geographic information system, will help determine the relationship between the spatial and temporal patterns of flowering phenology and pollinator migration over large scales. Ultimately, gaps in protected areas along migratory routes will be selected as priority conservation and restoration sites. Meanwhile, the project is promoting a diffuse program of restoration throughout the migratory corridor by encouraging farmers to plant nectar sources in out-of-use areas, establishing a series of pollinator gardens as nectar stopovers and, through interpretive centers, educating the public about the importance and imperilment of these species (K. Labnow, personal communication) .
Conclusions
This collection of articles suggests that, although the most important causes of pollination disruption are shared among regions of the world, their consequences vary widely in complex, idiosyncratic ways. Conserving or restoring pollination systems will thus require a far greater understanding of the reaction of these systems to multiple, interacting factors.
The case studies presented in these papers exemplify some of the approaches that will be required. These include studying phenological interactions between plants and their pollinators across space; fragmentation of nesting as well as floral resources; the level of redundancy within pollination compartments; vagility of pollinators and their ability to move through unfavorable habitat types; and keystone resources provided not only by native habitats but also by crops and other human land uses. Often, solutions to pollination disruptions, and thus the research needed to inform them, will need to occur across large landscapes (Withgott 1999) .
Pollination systems may never be restored to pristine, pre-human states because land-use change will continue to introduce invasive weeds, exotic pollinators, and non-native crops into natural ecosystems. As Roubik (this issue) suggests, the key question is whether these systems can absorb new species and the novel interactions they create while allowing native interactions to persist. The challenge for conservation biology is to understand both native and disrupted pollination systems well enough to manage for pollination function over dysfunction. Some studies are now suggesting solutions that may simultaneously remediate multiple disruptions (e.g., Paton, this issue). As with many conservation issues, the final challenge will be to gather sufficient public support to implement these solutions.
